We present the results of a numerical calculation of semi-leptonic form factors relevant for heavy flavour meson decays into light mesons. The results have been obtained by studying two-and three-point correlation functions at β = 6.4 on a 24 3 × 60 lattice, using the Wilson action in the quenched approximation. From the study of the matrix element < K − |J µ |D 0 > we obtain f + K (0) = 0.65 ± 0.18. From the matrix element <K * 0 |J µ |D + > we obtain V (0) = 0.95 ± 0.34, A 1 (0) = 0.63 ± 0.14 and A 2 (0) = 0.45 ± 0.33. We also obtain A 1 (q 2 max ) = 0.62 ± 0.09, V (0)/A 1 (0) = 1.5 ± 0.28 and A 2 (0)/A 1 (0) = 0.7 ± 0.4. The results for f + K (0), V (0) and A 1 (0) are consistent with the experimental data and with previous lattice determinations with larger lattice spacings. In the case of A 2 (0) the errors are too large to draw any 1 Laboratoire associé au Centre National de la Recherche Scientifique. 2 Unité Propre du Centre National de la Recherche Scientifique, associéeà l'École Normale Supérieure età l'Université de Paris-Sud. firm conclusion. We also show, with the help of the heavy quark effective theory (HQET), that it is possible to extrapolate the form factors to the B meson. Our calculations show that the form factors follow a behaviour compatible with the predictions from HQET. Within large uncertainties, our results suggest that A 2 /A 1 increases with the heavy quark mass. For B mesons A 2 /A 1 can be as large as 1.5-2.0. We also get very rough estimates for the partial decay widths Γ(B → πlν l ) = |V ub | 2 (12 ± 8) × 10 12 s −1 and Γ(B → ρlν l ) = |V ub | 2 (13 ± 12) × 10 12 s −1 , which can be used to give upper bounds on the rates.
Introduction
Semi-leptonic decays of heavy-light mesons have attracted considerable interest in the past years as they play a crucial role in the determination of the CabibboKobayashi-Maskawa mixing matrix and in the understanding of weak decays. Moreover, the study of the dependence of the form factors on the heavy quark mass checks the validity of the scaling laws, predicted by the heavy quark effective theory, in the range of masses corresponding to D and B mesons.
There is increasing evidence, that lattice QCD allows ab initio quantitative predictions of weak decay matrix elements [1] . Exclusive semi-leptonic decay channels of heavy flavour mesons have been studied in a series of papers [2] - [6] , at a lattice resolution of a −1 ∼ 2 − 3 GeV. In order to improve the control over discretization errors, we present here a study on pseudoscalar-pseudoscalar as well as pseudoscalar-vector weak form factors, on a lattice 24 3 × 60, at β = 6.4, which corresponds to a −1 ≃ 3.6 − 3.7 GeV. This is a continuation of our recent work [8] on the leptonic decay constants.
The main results of the present study are given in the abstract and in tables 9, 10 and 12. These results have been obtained by extrapolating the matrix elements in momentum transfer, in the light and heavy quark masses. We have included in tables 1-8 all the numbers obtained from the direct study of the two-and threepoint correlation functions, computed at several values of K W . These tables may be useful to check our results. We also give the details of the extrapolation, in order to allow the reader to reproduce the form factors in table 9 from the meson masses and the form factors of tables 1-8. In section 3.2 we show that it is possible to extrapolate the form factors to the B meson using the Heavy Quark Effective Theory (HQET). In this way one can get also informations on the corrections to the infinite mass limit. Due to large statistical errors, we are only able to give a rough estimate for the branching ratios of the processes B → π and B → ρ.
Description of the Calculation

Lattice Setup
We work with the standard Wilson action at β = 6.4 for the gauge fields and the quark propagators [9] , in the quenched approximation. We have generated 15 independent gauge field configurations on a 24 3 × 30 lattice, separated by 500-1600 sweeps, using the overrelaxed algorithm [10] . The 15 configurations were produced in groups of 5, with three independent initial conditions. In each of the three cases the first of the useful configurations was obtained after an initial thermalization of at least 3000 sweeps ( 500 with the Metropolis algorithm and 2500 with the overrelaxed algorithm ).
On each configuration we have computed the quark propagators for 7 different values of the Wilson hopping parameter K W , corresponding to "heavy" quarks, K H = 0.1275, 0.1325, 0.1375, 0.1425, and "light" quarks, K L = 0.1485, 0.1490 and 0.1495. Periodic boundary conditions on a 24 3 ×60 lattice have been imposed in the calculation of the quark propagators, by using appropriate combinations of periodic and antiperiodic (in the time direction) quark propagators calculated on a 24 3 ×30 lattice [11] . Further details on the lattice calibration, fitting procedures, mass spectrum, extraction of matrix elements of local operators between the vacuum and meson states, e.g. < M P |Qγ 5 q|0 >, can be found in ref. [8] .
Form Factor Evaluation
From the study of three-point correlation functions [2] - [6] , one extracts the weak current matrix elements for a given momentum transfer:
where q is the momentum transfer,
r is the polarization vector of the K * . f
K , V , A 1,2 and A are dimensionless form factors in the helicity basis, see for example [3] . From the matrix elements (1) and (2) , by varying the Lorentz component of the current, the meson momenta and the K * polarization, one can extract the form factors. In the following we give those details of the calculation which are specific to semi-leptonic decays and cannot be found in ref. [8] .
The matrix elements have been computed for a D meson at rest using a pseudoscalar density as source, at a time distance (t D − t K,K * )/a = 28. The position of the light meson source is fixed in the origin and we have varied the time position (in the interval t J /a = 12 − 16) and the momentum of the weak current. For the K-source we have also used the pseudoscalar density and for the K * the local vector current. For the weak axial current we have chosen the local operator Z AQ (x)γ µ γ 5 q(x), while for the weak vector current we have used both the local (Z VQ (x)γ µ q(x)) and the "conserved " currents 3 . Z A and Z V are the renormalization constants of the axial and vector current respectively [12, 13] . The values quoted for the form factors are based on the choice Z A = 0.88 and Z V = 0.84 [14] - [16] which will be justified below.
The two-and three-point correlation functions have been computed for different spatial momenta which are allowed by the lattice discretization and volume. By defining p K,K * = 2π/(La) × (n x , n y , n z ), with L = 24, we have used for p K,K * the following assignments (0, 0, 0), (1, 0, 0), (0, 1, 0), (0, 0, 1), (1, 1, 0), (1, 0, 1), ..., (2, 0, 0), ..., and (1, 1, 1). We have combined different correlation functions which can be related by the spatial orthogonal group and parity. In all we have five independent momenta which in the following we will denote by (0, 0, 0), (1, 0, 0), (2, 0, 0), (1, 1, 0) and (1, 1, 1). Large momenta in lattice units imply large systematic errors. In order to monitor lattice artefacts at large momenta, we have fitted the light pseudoscalar meson two-point functions to the asymptotic form (at large time distances):
where
, T is the time lattice length and E 5 the meson energy. The corresponding formula for the vector meson can be easily derived:
where Tables 1 and 2 show that for the momenta (1, 0, 0) and (1, 1, 0) the continuum energy-momentum relation is satisfied within large statistical fluctuations. The statistical error increases as one approaches to the chiral limit and the agreement appears to be better for the vector meson than for the pseudoscalar one. We believe that this is due to our limited statistics. In order to extract the current matrix elements from the three-point functions several approaches may be followed. We have used two different methods denoted in the following by "analytic" and "ratio". To be specific, we only explain these methods in the case of < K|J µ |D >. The three-point correlation function is given by:
at large time distances. In eq.(5), P the corresponding energies 4 . The matrix element can be isolated from the ratio:
are the analog of G 5 defined in eq.(3). The two methods to extract the matrix elements are as follows:
• "analytic": in the denominator of eq. (6), we use the analytic expression of G
given in eq. (3), with Z 5 andĒ 5 (computed from the meson mass) taken from the fit to the two-point function at zero momentum.
• "ratio": we divide the three-point correlation function by the two-point correlation functions with appropriate momenta averaged over the same configurations. We then multiply the result by the factor Z With large time distances and a high statistics the two methods should agree, up to O(a) effects. Our limited statistics gives fluctuations in the energy-momentum relations, in addition to these O(a) effects. Therefore the two methods may yield slighlty different results and we will take into account the differences in the evaluation of the final error, see below. We report in tables 3 and 4 the form factors for our set of light and heavy quark masses, from the analytic method and using the conserved vector current.
We are interested in the form factors at different q 2 , for quark masses corresponding to the physical D and K (π) mesons. Thus we have to extrapolate the form factors reported in tables 3 and 4, both in mass and momentum. We have proceeded as follows: i) At fixed heavy quark mass and light meson momentum, p K,K * , the generic form factor F (F = f + , A 1 ,...) has been extrapolated linearly in the light quark mass to values corresponding to the strange (D → K, K * ) or massless (D → π, ρ) quarks. In ref. [4] , it was shown that SU(3) symmetry breaking effects are very small, i.e. that a linear dependence of the type:
describes well the behaviour of F as a function of the light quark mass (m
. In eq.(7) K 1 and K 2 correspond to the masses of the final and spectator quarks respectively. Thus the form factors extrapolated to the strange and light quark masses, (11) 5 . ii) Next we have extrapolated F K,π in the mass of the heavy quark according to the expression:
where M P is the mass of the heavy meson. At each value of p K,K * , we have also extrapolated in 1/M P to the D and B mesons using the dependence expected in the heavy quark effective theory (HQET) [17] , see eq. (11) below. The difference of the results obtained with the two methods are discussed later on. For D decays, we have verified that extrapolating in a different order, e.g. first in q 2 , then in the light quark mass, and finally in the heavy quark mass, leads to very similar results, within the statistical errors.
iii) To obtain the form factors at q 2 = 0, we have extrapolated the form factors at p K,K * = (1, 0, 0) (which in many cases corresponds to the smallest q 2 , cf. tables 3 and 4) by assuming meson dominance:
where F can be f + , V , A 1 etc. and M t is the mass of the lightest meson exchanged in the t-channel. Thus the vector, scalar and axial scalar meson masses have been used for the extrapolation of f + and V , f 0 and A 1,2 respectively. M t is computed on the lattice, over the same configurations, at the same heavy and light quark masses used for the three-point functions. In 
In doing the extrapolation from small q 2 's to q 2 = 0, the precise value of M t is relatively unimportant. For example we have verified that by using in all cases the vector meson mass, the results change by about 5%.
In order to show the q 2 dependence of the different form factors and to compare it with the meson dominance hypothesis, we display in figs.1 the various form factors. They are shown as a function of the dimensionless variable q 2 /M 2 t , for K H = 0.1375 and K L = 0.1495, which corresponds to the meson masses closest to the physical ones for D → K, K * decays. For any given form factor, M t is the lattice meson mass appropriate for that particular channel. In the figures we have also included the points corresponding to a final meson with momenta (1, 1, 0) and (2, 0, 0). These points are reported for completeness but, given the extremely large systematic effects, they have never been used in the analysis. These figures show that the behaviour is compatible with meson dominance, at least in the range of masses and q 2 explored in our simulation. It is unknown whether the meson dominance will remain valid when we extrapolate to B decays, since the range of q 2 extends much further away from the pole in that case. Notice that in ref. [21] , using QCD sum rules, it was found that the axial form factors do not follow the behaviour expected on the basis of the meson dominance.
Main Systematic Effects
Before we proceed to the physics of B and D meson decays let us summarize and discuss the main sources of systematic effects, besides "quenching", present in our calculation: a) renormalization constants: the perturbative calculation is not unique in the sense that one has freedom in choosing the appropriate expansion parameter. It has been suggested that the bare coupling constant g 2 0 = 6/β is not very suitable and that it should be replaced by an effective coupling g 2 ef f [22] - [24] . In our case, using the recipe of ref. [23, 24] , g 2 ef f /g 2 0 turns out to be ∼ 1.59, which leads, using the formulae of refs. [14] - [16] , to Z V = 0.75 and Z A = 0.84. The reliability of these estimates can be tested by the non-perturbative ratios (see also ref. [25, 26] ):
where V L,C are the local and conserved currents respectively. In our simulation, we found values of Z V which vary between 0.66 and 0.95 depending on the matrix element, see interpreted as O(a) effects [27] and shown to be much smaller with the use of an "improved" actionà la Symanzik [26] . In all our estimates we have used the perturbative values, Z V = 0.84 and Z A = 0.88. With the present systematic uncertainties this choice is appropriate. The reader can easily replace our numbers by those corresponding to his preferred value for g 2 ef f . b) O(a) effects: from the above discussion we expect a systematic error of the order of 10-20% coming from O(a) effects in the current matrix elements. The Fermilab group has suggested that this systematic error may be reduced by multiplying the propagators of the heavy quark Q by exp(m Q a) and redefining its mass [28] . This prescription, which does not change the results for m Q a ≪ 1, is motivated by the tree-level behaviour of lattice propagators. It is expected to work for small momenta, p µ a ≪ 1, when the quark mass is large, m Q a ∼ 1. The difference between the results obtained using the standard procedure (i.e. multi- 
plying the lattice quark propagators only by 2K), and those obtained following the modified prescription at least represent some measure of the uncertainty due to discretisation errors.
We observe that the modification proposed by the Fermilab group leads to a universal change of all the matrix elements of a given current. Consequently, it cannot repair the fact that one finds very different values of Z V for different matrix elements as shown in table 7. Furthermore we have checked that Z V from < V 1 V 1 > is almost independent of the quark mass. Indeed Z V from < V 1 V 1 > for heavy-light mesons ranges from 0.643(2) to 0.653(3), which is almost identical to the light-light case reported in table 7 . We conclude that in this case the dependence of Z V on the quark mass does not follow the behaviour predicted in ref. [28] 7 . For this reason we have not followed the suggestion of ref. [28] . We have instead decided to report here the form factors obtained from the local and "conserved" vector current and the local axial current. At the end, we will average the results obtained from the local and conserved vector current and add (in quadrature) as a systematic error (∼ 10 − 20% for V (0)) their difference. In the case of the axial current we only have results from the local axial current, for which we also expect a 10-20% systematic uncertainty coming from O(a) effects. c) extrapolation to the physical quark masses: the extrapolation in the light quark mass is quite natural and unlikely to be a source of an important uncertainty within our statistical accuracy. More delicate can be the extrapolation in the heavy quark mass. There are arguments, based on HQET which allow the expansion of the form factors at fixed p K,K * , with | p K,K * | ≪ M P , in inverse powers of the heavy meson mass M P [17] . All the relevant formulae are given in sec.3.2, where we discuss the extrapolation to the B meson. Here we simply state that HQET suggests that f + scales, at fixed p K,K * , as:
and similarly for f − , V and A 2 , while A 1 scales like M −1/2 P . For D mesons, the results, obtained by extrapolating the values given in tables 3 and 4 by using eq.(8) (fit "a") or eq.(11) ( fit "b") are reported in table 8 8 . Although we have found that the χ 2 is slightly better if we fit the form factors according to eq.(11), we do not have sufficiently good data to distinguish between the two behaviours. For completeness we also give the results obtained by using the local vector current (in parenthesis). From this table one sees that for D mesons the difference between the extrapolation "a" and "b" is rather small, ≤ 3%. There is more difference in the case of the vector current between the results obtained using the conserved or the local current, in particular in the case of D → K * . As mentioned before we include this difference in the final error. For the axial current we are not able to estimate the error due to the determination of Z A , since we do not have the equivalent of the conserved vector current. Besides the statistical errors reported in the tables, we then expect for the axial form factors a further error of order 10 − 20%.
Physics Results
D Meson Decays
Given the discussion of the previous section, our best estimates for the form factors and partial widths are those reported in the abstract and in tables 9 and 10. In this table we report our results together with other calculations and experimental determinations of the form factors. With respect to other Ref.
0.65 ± 0.18 0.95 ± 0.34 0.63 ± 0.14 0.45 ± 0.33 [2] - [4] 0.63 ± 0.08 0.86 ± 0.10 0.53 ± 0.03 0.19 ± 0.21 [5] - [6] 0.90 ± 0.08 ± 0.21 1.43 ± 0.45 ± 0.49 0.83 ± 0.14 ± 0.28 0.59 ± 0.14 ± 0.24 [30] 0.76 1.23 0.88 1.15 [31] 0.76 − 0.82 1.1 0.8 0.8 [21] 0.6 +0.15 −0.10
1.1 ± 0.25 0.5 ± 0.15 0.6 ± 0.15 Exp. [33] 0.70 ± 0.08 0.9 ± 0.3 ± 0.1 0.46 ± 0.05 ± 0.05
0.62 ± 0.09 1.50 ± 0.28 0.7 ± 0.4 0.93 ± 0.13 [4] 0.77 ± 0.20
1.27 ± 0.16 ± 0.31 1.99 ± 0.22 ± 0.33 0.7 ± 0.16 ± 0.17
− 2.00 ± 0.33 ± 0.16 0.82 ± 0.23 ± 0.11 − calculations at a lower value of β, for example refs. [2] - [4] the errors are larger. This is expected because the statistics is lower and β is higher. It is however reassuring that, at a value of a −1 almost twice that of refs. [2] - [4] , we find compatible results. Moreover experiments and lattice calculations are in good agreement for f + K , V and A 1 . On the other hand for A 2 the situation is unclear. E691 and ref. [4] suggest a smaller value of A 2 than E653, ref. [5] and the present work, even though the errors on this quantity are so large that all the results are compatible. Thus for A 2 it is very important to reduce both the experimental and theoretical errors. The agreement with the other form factors is already remarkable, given the fact that the lattice calculations have no free parameter.
Extrapolation to B meson decays
With the present lattice spacing we are unable to study directly the B mesons in numerical simulations. However indirect information on B physics may be available using the following strategy. One first studies the scaling behaviour of a given physical quantity in the region of the charm quark mass. Then one computes the same quantity in the effective ("static") theory, i.e. in the limit in which the heavy quark mass is infinite. By interpolating between the two results with the help of the expected scaling laws, one can predict that physical quantity this work 6.8 ± 3.4 6.0 ± 2.2 0.56 ± 0.36 [4] 5.8 ± 0.15 5.0 ± 0.9 0.5 ± 0.2 exp. [35, 32] 7.0 ± 0.8 4.0 ± 0.7 0.9
0.50 ± 0.23 0.92 ± 0.55 1.27 ± 0.29 [4] 0.4 ± 0.09 0.86 ± 0.22 1.51 ± 0.27 [30] − 1.14 0.89 [31] − 1.45 1.11 [21] − 0.5 ± 0.15 0.86 ± 0.06 [36] − 0.63 ± 0.09 − exp. [35] − 0.57 ± 0.08 1.15 ± 0.17 Table 10 : Semi-leptonic partial widths for D → K, K * , π and ρ, using V cs = 0.975 and V cd = 0.222. We also report the ratio of the longitudinal to transverse polarisation partial widths for D → K * .
for the B meson. The value in the static limit reduces the uncertainty due to the extrapolation from the charm region. This strategy has proved to be effective for the pseudoscalar decay constant, see for example refs. [8, 29] .
At our large value of β, the small statistics is not sufficient to compute semileptonic form factors in the static limit. Nevertheless we can study the scaling behaviour of the form factors and try an extrapolation to the b quark. With the actual errors, our predictions remain necessarily at a semi-quantitative level. The study is however interesting in itself. We have found that the expected dependence of the form factors in 1/M P , see eq. (11), is compatible with our results. For some of the form factors however the corrections to the static results in the charm region may be sizeable. In the following we explain the extrapolation of the form factors, computed at several values of the heavy quark mass, to the B meson.
On the basis of HQET, up to O(1/M 2 P ), up to logarithmic corrections, one expects the following behaviour for the relevant form factors [17] :
The expansions given in eqs. (12) become valid in the limit of large m Q , at fixed momentum p of the light meson (in the frame where the heavy meson is at rest) and when | p| ≪ m Q ∼ M P . The above conditions are always satisfied for q max , when the initial and final mesons are both at rest. Provided we are not too close to the meson pole in the t-channel, the dependence on the light mass is smooth and it is well described by eq. (7). We can then extrapolate in the heavy quark mass according to eqs. (12) . The points corresponding to p = (1, 0, 0) also satisfy the above conditions. However, in the range of masses where we compute the form factors, m Q ∼ m charm , these points correspond to q 2 ∼ 0. This is due to the fact that the heavy meson masses are not so heavy in comparison with | p| and that the light mesons are not really light enough. Thus, while the typical √ q 2 on our lattice is at most 1.4 GeV, the extrapolation in the heavy quark mass will bring us to
, and similarly for B → ρ. The uncertainty involved in such an extreme extrapolation must be borne in mind. The validity of the extrapolation is partially justified only because the range in 1/M P is relatively small and most of the form factors have a smooth behaviour. The case (1, 1, 0) is more complicated because, with the heavy quark masses at hand, we have | p| ∼ M P where the expansion of ref. [17] is questionable. Anyhow the errors are so large that we have not used these points.
In fig.2 we give the form factors, at the value of q 2 corresponding to the 0.0 ± 1.1 1.9 ± 1.3 −0.46 ± 0.22 −0.6 ± 0.8 Table 11 : The coefficients of the 1/m Q expansion of the form factors defined in eqs. (12) .
momentum assignment (1, 0, 0), extrapolated to the chiral limit in the light quark mass, as a function of 1/M P (crosses). In the figure we also give the value extrapolated to the D and B mesons (diamonds). The figure shows that the points are smoothly extrapolated, even in the case of V since γ V is small. This is encouraging for further studies with higher statistics. In table 11 we report the values of γ +,V,1,2 and δ +,V,1,2 for p = (0, 0, 0) and (1, 0, 0), in physical units. We tried also (1, 1, 0), but the errors turned out be of order 100% and we have not reported them in the table. We notice that the first correction in 1/M P is small in the case A 1 . This is also the case for f + , at (1, 0, 0), even though, because of the large error, we cannot exclude a slope ∼ 0.7 GeV. The same can be said for A 2 , whose value anyhow is badly determined even before the extrapolation. In the case of V we find instead a rather large correction. We believe that this is an interesting and rather unexpected result, which deserves an effort to reduce the size of the statistical error. Taking our present errors into account we cannot exclude that the large value of δ V is correlated to the small value of γ V and that it will disappear with more accurate results.
From the numbers given in the table we can predict the form factors of the B mesons. We give all the form factors at q 2 = 0. They have been obtained from the form factors at p = (1, 0, 0), by using the meson dominance, with the mass of the mesons exchanged in the t-channel reported in table 6. These masses have been obtained by fitting the mass difference ∆M = M P * − M P (vector case) and ∆M = M P * * −M P (axial case) as ∆M = A M +B M /M P . The results are reported in table 6. They are rather close to the experimental masses when known, and also to the masses computed in ref. [30] , i.e. M B * = 5.32 GeV and M B * * ,1 ++ = 5.71 GeV, except for the scalar mass which in ref. [30] is very large: M B * * ,0 ++ = 5.99 GeV. The differences between the extrapolations using different sets of masses turn out to be small and may be smaller than the error induced by the assumption of the meson dominance. The results are reported in table 12, label "b", together with the results of refs. [30] - [32] for comparison. In the evaluation of the errors we have also taken into account of the difference between the results obtained using the local or the conserved current. To show the stability of the results with respect to a different extrapolation, we have also reported the values obtained Ref.
A 2 (0) this work"a" 0.28 ± 0.14 0.37 ± 0.14 0.24 ± 0.06 0.39 ± 0.24 this work "b" 0.33 ± 0.17 0.40 ± 0.16 0.21 ± 0.05 0.47 ± 0.28 [30] 0.33 0.33 0.28 0.28 [31] 0.09 0.27 0.05 0.02 [32] 0.26 ± 0.02 0.6 ± 0. with the naive scaling given in eq.(8), labelled as "a".
In the D meson the difference between the HQET scaling laws and naive scaling was immaterial. The differences remain small in the B case and with our errors we cannot distinguish the two behaviours. Notice that, because of the different scaling laws, A 2 /A 1 increases with the mass of the heavy quark and can be ∼ 2 for B → ρ.
For most of the form factors the predictions of ref. [31] are much lower than all the others, cf. table 12. These result in a much larger estimate of |V ub |, for a given experimental branching ratio. Notice however that in ref. [31] the form factor is computed at q 2 max and then a "tempered" exponential dependence on q 2 is assumed. This q 2 yields a dramatic suppression at small q 2 for B meson decays, where the range in q 2 is very large. From the numbers reported in table 12, we can give a very rough estimate of the B → π and B → ρ branching ratios. The branching ratios are obtained from the form factors in the table, by assuming meson dominance for their dependence on q 2 , see eq.(9). To get an estimate of the errors, we have allowed the form factors to vary in all the possible ways by one σ within the statistical errors and to vary in all possible ways among the values obtained with different extrapolations in 1/M P , fits "a" and "b". In this way we can partially account for the uncertainty coming from the extrapolation and the q 2 dependence of the form factors. We finally get: Γ(B → πlν l ) = |V ub | 2 (12 ± 8) × 10 12 s −1
and Γ(B → ρlν l ) = |V ub | 2 (13 ± 12) × 10 12 s −1
Thus the errors are still too large to give more than an upper bound. Since experiment, on its own side, only gives upper bounds for the considered branching ratios, we cannot with our present accuracy extract any information on V ub . We mainly want to stress the feasibility of this analysis, provided one disposes of larger statistics.
